Theoretical investigation of the influence of gate length on the hybrid plasma frequencies caused by the presence of homojunctions is performed by means of hydrodynamic simulations. It is shown that when a homojunction approaches the gated channel region boundaries, a qualitative change of the spectrum of plasma excitations both in ungated and gated regions of the channel takes place. These changes can modify significantly the high-frequency regions of spectra of both admittance/impedance and current/voltage noise at the structure terminals.
Introduction
Homojunctions (HJs) are widely used to form a conducting channel in modern micro-and nanometer diode and FET/HEMT structures. Usually HJs directly form regions of source and drain contacts for the conducting channel. It is well known that the presence of HJs changes essentially the frequency spectrum of plasma oscillations of free-carrier characteristics in the channel (admittance/impedance, current/voltage noise, etc.; see, e. g. [1] ). The latter leads to appearance of additional hybrid resonances as a result of the collective effect of electrostatic reflection of carriers from HJ boundaries. In diode structures, such a collective effect is originated by the remote Coulomb interaction and involves all free carriers. In FET/HEMT structures, the gate suppresses the remote long-range action of Coulomb interaction in the gated region of the channel, thus destroying synchronous plasma oscillations of free carriers in the different areas of the channel [2] . Thus, the gate must influence essentially the frequencies of the hybrid plasma perturbations.
The aim of this communication is to present results of theoretical investigation of the influence of the gate on the hybrid plasma frequencies caused by the presence of homojunctions. The behaviour of the hybrid resonance is also compared with that of a 2D-plasma spectrum. We consider effects at thermal equilibrium and eventually show modifications of the spectra when sufficiently high voltage is applied between source and drain terminals.
Numerical results
Below we shall present hydrodynamic (HD) calculations of small-signal characteristics of FET/ HEMT structures based on 50-500-50 nm n , respectively. All the parameters of the transport model (velocity relaxation rate ν, electron effective mass m * , longitudinal diffusion coefficient D) are calculated by Monte Carlo simulation of the low-field transport in bulk In 0.53 Ga 0.47 As with parameters corresponding to Ref. [3] . The detailed description of the HD model and procedures used to calculate frequency dependence of small-signal characteristics of FETs/HEMTs can be found in [4] . Figure 1 presents the current-voltage (I-V) characteristics calculated for the above structure at the fixed values of U ds assuming the room temperature operation corresponding to the momentum relaxation rate ν = 3 • 10 12 s -1
. In the low-voltage region of U ds ≤ 0.1 V, all the curves coincide showing nearly linear drain-current growth with U ds . At higher values of U ds the drain current tends to saturation which is the most pronounced at longer L g . Indeed, the longer is L g the stronger is the perturbation of the electron concentration, the deeper is the depletion in the nregion at U ds > 0, and, hence, the lower value of the drain current is achieved approaching the I-V relation saturation. Figure 2 presents the total spectrum of the draincurrent response (the admittance real part) calculated at decreasing values of the gate length L g . It is evident that the spectrum contains two groups of peaks. The lower frequency peaks (of about 1-5 THz) correspond to 2D plasma oscillations, while a higher part of the spectrum (of about 15-20 THz) is due to the hybrid 3D plasma resonance. It is worthwhile to emphasize that spectra for different gate lengths differ significantly, while at the I-V curve all curves coincide in the linear regime (see Fig. 1 ).
For 2D plasma waves, the general behaviour of the spectra for different gate lengths is similar. At zero frequency they start practically at the same value defined by the initial slope of the I-V curve and then demonstrate a series of peaks. Of course, details of each series are different. The most pronounced is the series for the longest gate length. With decrease of the gate length, the number of peaks decreases and the fundamental frequency (i. e. the frequency of the first peak in the series) increases. As concerns the hybrid resonance, it is evident that with increase of the gate length when gated region boundaries approach the homojunctions the hybrid plasma resonance becomes more pronounced and shifts to the lower frequency range.
It is well know that in diodes at thermal equilibrium the current response ReY is related with the current noise spectral density S j by Nyquist relation [5] :
(1) Figure 3 compares S j at the drain terminal calculated in accordance with Eq. (1) (solid line) and by the transfer impedance method [6] . As follows from presented results the low frequency part of the drain-current response spectrum well coincides with the noise spectrum (up to 10 THz). Peaks of hybrid resonances are similar but slightly differ (by about 20-25 %) in amplitudes. Moreover, there appears an additional peak near 12 THz. Figure 4 shows modifications of the admittance spectrum with variations of the gate voltage. At a positive gate voltage there appear excess electrons in the channel. Qualitatively, the spectrum remains the same, of course, with improving 2D oscillations and their shift to higher frequencies due to the concentration increase. Also, there are two extra peaks in the intermediate region. At a sufficiently high negative voltage, the n-region becomes depleted, 2D plasma resonances disappear and apart from the hybrid resonance we see the resonance of returning curriers (see, e. g. [1] and references therein). Figure 5 compares the total spectra of the draincurrent response calculated for the HEMT structure with L g = 50 nm under thermal equilibrium (U ds = 0) and non-equilibrium (U ds = 0.38 V) conditions. The hybrid plasma resonance remains qualitatively the same, only a slight shift in frequency and decrease of amplitude can be observed. For 2D plasma resonance the fundamental peak broadens, decreases, and slightly shifts to higher frequencies. The most important is that the first minimum decreases and reaches negative values, leading to the development of 2D plasma instabilities (the so-called Dyakonov-Shur effect [7] ). Figure 6 shows the spectra of the drain-current negative admittance calculated for the HEMT with L g = 50 nm at increasing values of drain-to-source voltage. Generally, with increase of U ds the bell-like negative admittance appears in the high frequency region, then it grows and shifts to lower frequencies and finally decreases remaining practically in the same frequency region. Figure 7 shows the spectra of the drain-current admittance calculated for the HEMTs with different L g in the frequency region corresponding to the first minimum. We can conclude that the value of L g has a crucial influence on appearance of the negative values of admittance: at long lengths of the gate the 2D plasma frequency (
) is too small and the momentum/velocity relaxation suppresses plasma instabilities. With decrease of L g the 2D plasma frequency grows and finally prevails the influence of the relaxation. 
Conclusions
Theoretical consideration of the gate impact on hybrid resonance originated by plasma oscillations at homojunctions in FET/HEMT structures was performed in the framework of the hydrodynamic modelling. Numerical results demonstrate the qualitative change of the spectrum of plasma excitations both in ungated and gated regions of the channel when the homojunction approaches the gated channel region boundaries. These changes can modify significantly the high-frequency regions of spectra of both the admittance/impedance and current/voltage noise at the structure terminals.
